), whereas several hours later, vasa is detectResults and Discussion able exclusively in the PGCs ( Figure 1G ). Together, these results suggest that a large fraction Germ cells must remain totipotent, i.e., maintain the of the maternally supplied vasa mRNA does not become potential to differentiate into all cell types of a new orlocalized to the main germ plasm aggregates and is ganism. Consequently, in many animal species, the prirather found in aggregates in putative somatic cells up mordial germ cells (PGCs) are set aside from somatic to the late blastula stage (4 hpf). Thereafter, this material lineages very early in embryonic development [5, 6 ]. In appears to disintegrate, followed by the gradual degramost cases, the PGCs are specified by inheritance of dation of vasa mRNA in somatic cells. In vertebrates, PGC-specific transcriptional quiescence has not been described, and
ures 2D and 2G). At the 6-somite stage (12 hpf), in striking contrast to the control RNAs, the vasa-GFP RNAs 1 and 3 are almost fully degraded in somatic cells, while the PGCs remain strongly labeled (compare Figures 2E  and 2H) . Importantly, at 24 hpf, the PGCs of these vasa-GFP RNA-injected embryos still contain high levels of the injected RNAs ( Figure 2I ), whereas the control RNAs are completely degraded ( Figure 2F ). vasa-GFP RNA can be detected in the PGCs up to 50 hpf (data not shown). These results suggest that the vasa mRNA is subject to a tissue-specific degradation-protection process, i.e., decay in somatic cells and, conversely, remarkable stability in the germ line. When we injected lower concentrations of vasa-GFP RNAs, these RNAs were already fully restricted to the germ line by the end of gastrulation (8-9 hpf; data not shown), similar to endogenous vasa mRNA (see Figure 1) . Interestingly, several newly identified RNA markers for the zebrafish PGCs exhibit an early expression pattern similar to that of vasa (C. Thisse, B. Thisse, and E.R., unpublished data). One of these RNAs (nos1) appears to be regulated by a similar mechanism [11] , indicating that the degradation-protection process described here may act on several mRNAs and could be generally important for the proper development of the zebrafish germ line and soma.
Several Redundantly Acting Elements Mediate Stabilization of vasa mRNA in the PGCs
To further analyze the tissue-specific vasa mRNA degra- Figure 3B ). Whereas both RNAs were degraded in the same pattern injected RNAs encoding these proteins into embryos depleted of endogenous Vasa (see the Experimental Proce-(data not shown), the two proteins displayed different stabilities in the soma but were both stable in the PGCs dures), which allowed us to detect only the experimentally introduced proteins using a Vasa antibody. Our results (for details, see Table S1 in the Supplementary Material available with this article online). (Figures 4I-4L ) demonstrate that Vasa and Vasa-GFP proteins are degraded similarly in somatic cells but are mainWe were not able to define specific elements required for this differential Vasa protein degradation, as fusions tained in the germ line (arrows in Figures 4J and 4L) .
One obvious caveat is that the observed tissue-specific of GFP with smaller parts of Vasa gave inconsistent results. We also observed that, unlike endogenous Vasa protein expression could simply reflect the underlying RNA pattern or translational control rather than differential proprotein, fusions of GFP to the N terminus or C terminus of Vasa were surprisingly stable in all tissues. tein degradation. The following observations argue against these options. First, a Vasa-GFP fusion protein regulated Taken together, our results suggest that, in addition to differential degradation of vasa mRNA, Vasa protein by the Xenopus globin control UTRs (construct 2, Figure  3B ) is also unstable in the soma but maintained in the is subject to a degradation-protection process: Vasa protein in somatic cells is rapidly degraded, whereas it PGCs, similar to construct 1 (see Figures 4A-4D) . Second, we used two control RNAs (constructs 3 and 11), shows significantly higher stability in the PGCs. Interestingly, a very similar cell type-specific degradation prowhich encode only GFP but are regulated by vasa RNA sequences. As described above (and data not shown), cess has been described for the C. elegans germ line factor PIE-1 [12] . all RNAs containing the vasa 3ЈUTR are degraded in exactly the same pattern (see Figures 2G-2I and 3A) . Figures 4F and 4G) , in contrast to about Beginning at 4 hpf, Vasa protein is found in defined perinuclear structures within the PGCs, which resemble 10 hr for Vasa-GFP protein ( Figure 4B ). In the PGCs, however, GFP as well as Vasa-GFP protein are stable nuage particles described in other animals [2, 4] . We addressed the question of whether specific domains for up to 5 dpf (days postfertilization) ( Figures 4D and 4H,  arrows) , i.e., 2-3 days after the RNAs are fully degraded within the Vasa protein are involved in this subcellular localization, which concentrates the protein in the posi-(data not shown). These results were also confirmed for the protein responsible for this localization process, we injected RNAs encoding partial Vasa-GFP protein fusions ( Figure 3C ). We identified two redundantly acting protein regions of Vasa, which are able to direct localization of the fusion proteins (constructs 14-16 and 18, Figure 3C ; Figure 5A ). Interestingly, one of these regions is the N-terminal domain typical for all Vasa proteins, which is characterized by a very low level of primary sequence conservation and the presence of several RGG (arginine-glycine-glycine) repeats. Smaller parts of this domain mediate partial localization (ϩϪ, Figure 5 , and constructs 14 and 15 in Figure 3C) . Intriguingly, the two domains described here overlap with the two regions of the Drosophila Vasa protein implicated in subcellular localization [13] , raising the possibility that the underlying molecular mechanisms for Vasa localization are conserved between these organisms. Zebrafish (Danio rerio) (AB wild-type strain) were maintained as (C) Elements sufficient for protein localization to perinuclear grandescribed previously [14] . Embryos were kept at 28.5ЊC. ules within the PGCs. We distinguished complete (ϩ), incomplete (ϩϪ), and no localization (Ϫ). The corresponding phenotypes are Construction of Plasmids, Preparation of Sense RNA, shown in Figures 5A-5C . ORF, open reading frame.
GFP protein translated from these control RNAs is deDomains Mediating Subcellular Localization of Vasa Protein tectable in somatic cells for 2-3 days after the RNA is fully degraded (

Conclusion
and Injection Full-length vasa cDNA was amplified as described in [15] . As control UTRs, we used the Xenopus globin-5Ј and -3ЈUTRs, derived from pBluescriptRN3 [16] or the Simian Virus 40 late polyadenylation site tion where its function is presumably required. We first [17] . The GFP variant mmGFP-5 was used [18] . 
